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I. INTRODUCTION 

Conclusive direct evidence for the existence of an ex- 
otic <S'=1, /=0, Z=l pentaquark baryon, the G+(1540) 
p)|, is still lacking. Dedicated experiments using photons, 
pions and kaons are expected to collect in due course 
sufficiently high statistics in order to resolve this issue. 
However, in Ref. we have noted that the 6+ (1540) 
provides a new mode of reactivity to K'^ - nuclear inter- 
actions with possibly large effects on K'^ - nuclear total 
and reaction cross sections in the energy range above its 
threshold in nuclei, pf^^, ^ 400 MeV/c. Since the K+N 
interaction in this energy range appears to be fairly weak 
and featureless, without visible evidence for KN — > 9+ 
coupling to exotic qqqqs configurations, pentaquark de- 
grees of freedom in nuclei could be more readily excited 
on two-nucleon clusters: KNN Q^N . This is related 
to the virtual two-meson decay mode 9+ ^ NKir HQ. 
In our earlier work we demonstrated how pentaquark pro- 
duction, corresponding to the underlying two-nucleon ab- 
sorption mode 



K+nN 9+iV , 



(1) 



could contribute to the total and reaction cross sections 

extracted from transmission experiments 0, 
the Brookhaven National Laboratory (BNL) Alternating 
Gradient Synchrotron (AGS) on ^Li, ^^C, 28Si and ^OQa 
at four energies, forpiab = 488, 531, 656, 714MeV/c. Our 
considerations are based merely on the observation 
that these - nucleus cross sections exhibit excessive 
reactivity, some 10 — 20% over the reactivity provided by 
the KN interaction, even after allowance is made for con- 
ventional nuclear medium effects. The suggestion that 
5 = +1 pentaquark degrees of freedom give rise to this 
excess reactivity does not require that the 9"*" pentaquark 
has particular spin-parity values nor that it is as narrow 
as argued (less than F ~ 1 M eV) by analyzing initi- 
ated production processes (ol 

In the present work we provide a more detailed account 
of the calculations presented briefly in Ref. 2] for total 
and reaction cross sections, extending these calculations 
to include also if + elastic scattering data at piab = 715 
MeV/c on "^Li and ^^C [ll|l3|. Having determined the 
strength of the K'^ absorption mode Eq. we then 



discuss its relationship to the cross section level expected 
for the K'^p — > 7r''"9"'" production reaction which is under 
active experimentation in KEK at present ,14] . 



II. METHODOLOGY 

The starting form adopted in our calculations for the 
kaon-nucleus optical potential Vopt is the simplest possi- 
ble tp form: 



2er^i^opt(r) = -A^FAbop{r) 



(2) 



where e^^' is the center-of-mass (cm.) reduced energy. 
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in terms of the cm. total energies for the projectile and 
target respectively, and 



Fa 
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(4) 



is a kinematical factor resulting from the transformation 
of amplitudes between the KN and the K~^ - nucleus cm. 
systems, with M the free nucleon mass. Ma the mass 
of the target nucleus and ^/s the total projectile-nuclcon 
energy in their cm. system. The parameter bo in Eq. ^ 
reduces in the impulse approximation to the (complex) 
isospin-averaged KN scattering amplitude in the forward 
direction. The optical potential Vopt is inserted into the 
Klein Gordon equation, of the form used in our previous 
calculations: 



+ Kpt)-K') ^ = (5) 



in units of ^ = c = 1. Here k is the wave number in 
the cm. system, and Vc is the Coulomb potential due 
to the charge distribution of the nucleus. These forms 
of the potential and the equation take into account 1 /A 
corrections, which is an important issue when handling 
as light a nucleus as ^Li. 

The nuclear density p{r) is an essential ingredient of 
the optical potential Vopt in Eq. (0). The density distri- 
bution of the protons is usually considered known as it 
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TABLE I: values of p (in fm Eq. for the two sets of 
point-nuclcon densities defined at the end of Sec. ITTl 



density 


^Li 




^«Si 


^"Ca 


(i) 


0.049 


0.104 


0.112 


0.112 


(ii) 


0.049 


0.104 


0.105 


0.107 



is obtained from the nuclear charge distribution [l5j by 
unfolding the proton charge distribution. For ^Li and for 
^^C the modified harmonic oscillator (MHO) form was 
used whereas for ^*Si and for "'"Ca the two-parameter 
Fermi (2pF) form was used. In all cases the parameters 
were obtained numerically, requiring that folding in the 
finite-size proton charge distribution will generate a good 
fit to the nuclear charge distribution. For these N — Z 
nuclei we assumed in our previous analysis that the 
neutron densities are identical to the corresponding pro- 
ton densities. This choice is marked (i) in Table ^ In 
the present work we have adopted also a slightly different 
approach for the two heavier targets. Using the 2pF den- 
sities we obtained the parameters for the proton distribu- 
tions by approximate analytical unfolding of the charge 
distribution 16] . The neutron densities were assumed to 
have an 'average' shape 0,0] with a root-mean-square 
(rms) radius r„ given by r„ — = — 0.0162A^/^ fm (only 
for N = Z nuclei). This choice is marked (ii) in Table 
By using two slightly different sets of densities we could 
test sensitivities of the derived potential parameters. 
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FIG. 1; Data and calculations 2I| for K'^ reaction cross sec- 
tions per nucleon (an /A) at piab = 488 MeV/c are shown in 
the upper part. Calculated absorption cross sections per 
nucleon (cTabs/^) are shown in the lower part, see text. 

TABLE IL Fits to Jf"*" - nuclear integral cross sections 
at piab = 488 MeV/c, using Eqs. - Q- 

Vopt Re bo (fm) Im bp (fm) l3 (fm") pth (fm-^) x"W 

tp -0.205(27) 0.173(7) - - 18.2 

thccP -0.178 0.153 

Eq. Q -0.154(12) 0.160(2) 12.4(38) 0.088(6) 0.06 



III. RESULTS 

A. - nucleus total and reaction cross sections 

As reviewed recently in the Introduction of Ref. 0, 
the simple tp form of Kpt in Eq. (01 does not provide 
a satisfactory fit to the - nuclear integral cross sec- 
tion data at several hundreds of MeV. Indeed, using the 
methodology outlined above, it was shown by Friedman 
et al. '5] that no effective value for 60 could be found that 
fits satisfactorily the reaction and total cross sections de- 
rived from the BNL-AGS transmission measurements at 
pi^b = 488,531,656,714 MeV/c on ^Li, i^c, ^^Si, ^^Ga. 
This is demonstrated in the upper part of Fig. ^ for the 
reaction cross sections per nucleon (Jr/A at 488 MeV/c, 
where the calculated cross sections using a best-fit tp 
optical potential (dashed line) are compared with the ex- 
perimental values listed in Ref. |^. The best-fit values 
of Re 60 and Im 60 which specify this tp potential are 
given in the first row of Table m where Im 69 repre- 
sents 10 — 15% increase with respect to the free-space 
value given in the line underneath. The /N of this 
density-independent fit is very high. Its failure is due to 
the impossibility to reconcile the ^Li data (which for the 
total cross sections are consistent with the K'^d 'elemen- 
tary' cross sections) with the data on the other, denser 
nuclei, as is clearly exhibited in Fig. ^for the best-fit tp 



dashed line. If ^Li is removed from the data base, then it 
becomes possible to fit reasonably well the data for the 
rest of the nuclei, but the rise in Im 60 with respect to 
its free-space value is then substantially higher than that 
for the tp potential when ^Li is included. At the higher 
energies, tp fits which exclude ^Li are less successful than 
at 488 MeV/c, while also requiring a substantial rise in 
Im 5o, which means increased values of the in-medium 
KN total cross sections with respect to the correspond- 
ing free-space values. This has been observed also in a 

- nucleus quasifree-scattering analysis for 
mesons incident on C, Ca, Pb at piab = 705 MeV/c pof . 

An effective way of discriminating between ^Li and the 
denser nuclei was established empirically in Refs. 0, 
by requiring that the imaginary (absorptive) part of the 
K'^ - nucleus optical potential gets significantly enhanced 
whenever the average nuclear density 

-p=^jp'dv (6) 

exceeds a threshold nuclear density pth- Specifically, if 
Im Vopt in Eq. Q is modified as follows, 

Im6o p{r) ^ Imbo p{r) [1 + /3 (p-pth) e(p-pth)] , (7) 

then the long-standing problem of the reaction and total 
cross sections derived from the BNL-AGS transmission 



3 



measurements at puh = 488, 531, 656, 714 MeV/c on ^Li, 
12q^ 28gj^ ""^Ca is resolved. This is demonstrated in Ta- 
ble showing two fits to the N ^ 8 data points at 488 
MeV/c, which is the closest momentum to the 9+ res- 
onance. The first fit in the table, as explained above, 
uses only density-independent fitted values for the com- 
plex parameter bo in Eq. |2Jl. The second fit in the table 
introduces density dependence through Eq. Q and the 
resulting improvement as judged by the value of /N is 
spectacular. When considering all 32 data points avail- 
able at the 4 energies , using the same values for (3 and 
Pth independently of energy, then the 'X^ /N = 42.7 for the 
best-fit tp potential is reduced to 0.65 using this empirical 
modification Eq. The well-determined value of pth 

is considerably higher than the average nuclear density p 
for ^Li (about 0.05 fm"'^), but is lower than the p values 
appropriate to the other, denser targets (about 0.1 fm~'^) 
as shown in Table This spectacular fit clearly suggests 
that new absorptive degrees of freedom open up above 
the threshold nuclear density of 0.09 fm~'^. We have ar- 
gued in Ref. |3 that the O"*" may provide for such a new 
degree of freedom via K'^ absorption on two nucleons, 
K+nN e+N, with threshold at p\^y^ - 400 MeV/c. 

Here we have incorporated K'^nN Q^N two- 
nucleon absorption into the impulse-approximation mo- 
tivated yopt('^), Eq- ©, by adding a p'^ir) piece, as suc- 
cessfully practised in pionic atoms ,2L .22.] to account for 
7r~ absorption on two nucleons: 

bo p{r) ^ 5o p[r) + B p\r) , (8) 

where the parameter B represents the effect of nu- 
clear absorption into exotic 5 = -1-1 baryonic channels. 
Using this potential we have repeated fits to all 32 data 
points for the reaction and total cross sections. This re- 
sulted in a substantial improvement of the quality of the 
fit, compared to the tp potential. However, the fits at 
the higher momenta are not as successful as the fit at 
488 MeV/c, suggesting that one needs a more effective 
way to distinguish between ^Li and the denser nuclear 
targets. In fact, as demonstrated in Table ITU above, the 
average nuclear density p, Eq. © , provides for such dis- 
crimination and is instrumental in achieving good agree- 
ment with experiment. We therefore replace Eq. ||HJ| by 
the simplest ansatz 

^0 p{r) -> &o p{r) + B p p{r) . (9) 

The added piece is a functional of the density which to 
lowest order reduces to a p^ form. Below we compare the 
two extensions of Vopt offered by Eqs. (jS)) and @ and 
comment on the significance of the results obtained using 
the less founded form Eq. @. 

Fits to the total and reaction cross section data @, 
using Eqs. ((SJl and © with our set of slightly revised 
densities described above, are exhibited in Table ITTll It 
is clear that the quality of fit improves dramatically with 
respect to the (also shown) tp best fits upon allowing for 
absorption (parameter B). The superiority of the pp 



TABLE III: Fits to the eight K'^ - nuclear integral cross 
sections 0| at each of the four laboratory momenta piab (in 
MeV/c), using different potentials. 

Piab Kpt Rebo(fm) Im6o(fm) RcB(fm*) ImB(fm'') 



488 


in 


— 203f26'l 


0.172(7) 






U. -L / O 


U. -LOO 




En M 


—0.178 


n 1 22l'5'l 




Eq.© 


-0.178 


0.129(4) 


531 


fn 


— 196f39'l 


202f9'l 






— 1 79 


1 7n 




En M 


—0.172 


155('14") 




Eq.Q 


-0.172 


0.146(5) 


656 


tp 


-0.220(50) 


0.262(12) 






-0.165 


0.213 




Eq.@ 


-0.165 


0.203(18) 




Eq.© 


-0.165 


0.204(5) 


714 


tp 


-0.242(53) 


0.285(15) 






-0.161 


0.228 




Eq.Q 


-0.161 


0.218(24) 




Eq.@ 


-0.161 


0.218(6) 



16.3 

0.52(20) 0.88(8) 1.18 
0.17(11) 0.62(6) 0.27 

56.3 

1.79(46) 0.72(27) 7.01 
0.46(21) 0.78(7) 3.94 

54.9 

1.66(80) 0.89(36) 7.24 
2.07(19) 0.77(7) 0.32 

67.7 

1.40(95) 1.10(48) 9.3 
1.51(43) 0.97(9) 1.24 



version (marked as 'Eq. ©') compared to the p^ version 
(marked as 'Eq. ©') is also very clearly observed. The 
calculated reaction cross sections at 488 MeV/c, using 
Eq. lO, are shown by the solid line marked tp -f AV^pt 
in the upper part of Fig. ^ where AV^^pt is the added 
piece of Vo-pt due to a nonzero value of B. Clearly, it is a 
very good fit. Very recently, Tolos et al. Q have demon- 
strated that a similarly substantial improvement in the 
reproduction of reaction cross sections could be achieved 
microscopically by coupling in degrees of freedom of the 
6+ (1540) pentaquark. 

We note that the splitting of Im V^pt in Table IIIII into 
its two reactive components Im 6o and Im B appears 
well determined by the data at all energies, and perhaps 
is even model independent, particularly for the pp ver- 
sion Eq. of the optical potential for which very accu- 
rate values of Im 6o are derived. These values of Im 6o 
are close to, but somewhat below the corresponding free- 
space values, in agreement with the conventional tp — *■ gp 
medium effects considered in Ref. Q. This is not the 
case for Re V^pt where its two components are correlated 
strongly when Re &o is varied too, largely cancelling each 
other into a resultant poorly determined Re Vopt • There- 
fore, in Table ITlTl we show results only for Re 6o held fixed 
at its free-space value. 

Table iHll suggests that the two-nucleon absorption co- 
efficient Im B rises slowly with energy as appropriate 
to the increased phase space available to the underly- 
ing two-nucleon absorption process K^nN Q^N. Its 
values in this energy range are roughly independent of 
the form of AT4pt, the more conservative Eq. ((SJ or 
the more effective Eq. (O, used to derive these values 
from the data. This stability of the results for Im B is 
of special importance for the interpretation offered here. 
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FIG. 2: Comparison between measured differential cross sec- 
tions for K'^ elastic scattering at piab = 715 MeV/c on ^Li 
and ^^C best-fit calculations using Eq. (|HJ (dashed 

lines) and Eq. (solid lines). 

Regarding Re V^pt, and recalling that p 0.1 fm^'^ for 
the dense nuclear targets, it is clear that Re Vopt ^ at 
the two higher momenta, illustrating the inadequacy of 
the tp model which does not produce this trend. We note 
that our K'^nN Q^N absorption reaction is related 
to the mechanism proposed recently in Ref. as causing 
strong 0+ - nuclear attraction, based on Ktt two-meson 
cloud contributions to the self energy of 0+ in nuclear 
matter. However, it would appear difficult to reconcile 
as strong O"*" - nuclear attraction as proposed there with 
the magnitude of Re B derived in the present work. 

B. K'^ elastic scattering differential cross sections 

In order to further test the picture that emerges from 
the analysis of the integral cross sections for the K'^ - 
nucleus interaction, we repeated the analysis including 
also differential cross sections for the elastic scattering 
of by some of the target nuclei. Such data exist for 
scattering of 715 MeV/c K+ by ^Li and by ^^C [ll[l3. 
Similar data at 635 MeV/c were not included because in- 
tegral cross sections are not available at that energy. Ex- 
perience had shown that in situations where the real part 
of the optical potential has a repulsive part, or at least 
is not predominantly attractive, then fits to only angular 
distributions may lead to values of potential parameters 
that result in most unacceptable calculated values for re- 
action and total cross sections. In other words, under 
such circumstances the integral cross sections serve as 
powerful constraints on the potential parameters derived 
from fitting to differential cross sections [23j. 

Fits were made to the combined integral and differen- 
tial cross sections at 714 MeV/c consisting of the eight in- 
tegral cross sections and the 17 differential cross sections 



from Ref. using the potentials of either Eq. © or 

Eq. ©. For the latter potential and for the combined 25 
data points we obtained x^/N = 5.3, with x^/N = 1.4 
for the integral cross sections and /N = 6.8 for the 
differential cross sections. Using Eq. (jS]) instead, we 
get a considerably inferior fit with /N — 24.6. Po- 
tential parameters for Eq. are Re 6o=— 0.161 fm 
(fixed), Im 6o=0.219±0.011 fm. Re B=1.57±0.56 fm and 
Im i?=0.94±0.15 fm. These results are in perfect agree- 
ment with the corresponding values in Table llTTI obtained 
from fits to integral cross sections only. Figure [21 shows 
comparisons between calculations and experiment for the 
elastic scattering from ^Li and ^^C for the best-fit poten- 
tials for both Eq. ||HJ) (dashed) and Eq. @ (solid curves) . 
The superiority of the pp form is clear. Using the 14 dif- 
ferential cross section data of Ref. instead of the 17 
data points of Ref. llj , together with the integral cross 
sections, leads to slightly lower values of x^ but the po- 
tential parameters are virtually the same as for the fits 
using the data of Ref. . 



C. K absorption cross sections 

By analogy to analyses of pionic atoms l2ll [221 and 
low-energy pion-nuclear scattering reactions [231 [24| , the 
additional piece AVi^pt due to the nonzero value of the 
absorption parameter B is responsible for nuclear 
absorption into 0+ - nuclear final states. One way to 

estimate the absorption cross section a)^,^^ is to use the 
distorted-wave Born approximation: 

(10) 

where the distorted waves ^'ll^L are calculated dis- 
carding Al^pt. Recall that for B = 0, replacing in the 
above integral AT4pt(r) by V;3pt('') gives the total reac- 
tion cross section in the absence of the K~^nN — 8"*" TV 
channel. However, the precise expression for the total 
reaction cross section in the presence of this absorption 
mode into O"*" - nucleus final states requires the use of 
the fully distorted waves vl'(+) ^ so that a different approx- 
imation for the absorption cross section is given by 

^il^^ ^ - I;/ MAK>pt(r)) \¥+Hr)\' dr . (11) 

Calculated absorption cross sections per target nucleon 
at piab = 488 MeV/c are shown in the lower part of Fig. 
□ for the fit using Eq. ^ for Vo^t in Table [Hlj The 
triangles are for expression 1101) and the solid circles are 
for expression Ijlll) . The error bars plotted are due to 
the uncertainty in the parameter Im B. It is seen that 
these calculated absorption cross sections, for the rela- 
tively dense targets of C, Si and Ca, are proportional 
to the mass number A, and the cross section per tar- 
get nucleon due to Im i? ^ is estimated as close to 
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3.5 mb. Although the less successful Eq. lO gives cross 
sections larger by 40% at this particular incident momen- 
tum, this value should be regarded an upper limit, since 
the best-fit density-dependent potentials of Refs. 
yield values smaller than 3.5 mb by a similar amount. 
The experience gained from studying 7r-nuclear absorp- 
tion j2J| leads to the conclusion that aa±,s{K^NN) is 

smaller than the extrapolation of cr^^ Fig. ^to 

A — 1, and since the KN interaction is weaker than the 
t:N interaction one expects a reduction of roughly 50%, 
so that a^bsiK+NN) ~ 1 - 2 mb. 

We note in Fig. ^the considerably smaller absorption 
cross section per nucleon calculated for ^Li which, con- 
sidering its low density, suggests a cross section of order 
fraction of millibarn for K^d Q^p, well below the or- 
der 1 mb which as Gibbs has argued recently ^3 could 
indicate traces of 8+ in K^d total cross sections near 

tb ^ 440 MeV/c. To be definite, we suggested in Ref. 
the following range of values for this cross section: 

a{K+d-^e+p) - 0.1 - 0.5 mb. (12) 

This provides a quantitative estimate for a possible 
missing-mass search for 0"'"(154O) by observing the final 
proton, while the signal cross section need not exhibit a 
resonance behavior as function of the incoming mo- 
mentum. 



IV. DISCUSSION 

We have provided a cross-section estimate, Eq. (I12II . 
for the two-nucleon production reaction K^d Q^p. It 
is worth emphasizing that this cross section is consider- 
ably larger than what a one-nucleon production process 
KN — !■ would induce on a deuteron target. Exam- 
ples of one-step production processes in which the 8+ 
is produced on one of the nucleons in a quasi on-shell 
kinematics are: 

K+ p^ K+ p , K+ n^Q+ , (13) 

K+ n-^ K° p , K° p->e+ , (14) 

in which the 8+ production is accompanied by initial 
scattering, or 

K+n->e+, e+p-^e+p, (is) 

in which it is followed by final scattering on the other 
'spectator' nucleon. The last process Eq. (|15|l may be 
compared to a similar pion absorption process near the 
(3,3) resonance energy where the A is produced approx- 
imately on-shell, subsequently rescattering on the other 
nucleon, for example: 

7r+p->A++, A++n-^pp, (16) 

with a sizable cross section l2^ 

a{TT+d^pp) - 12.5 mb . (17) 



Scaling by the ratio of coupling constants squared 

dKNo/glNA ^ 2.5 X 10'^, assuming J'^(8+) = (^)^ and 
r(8"'' KN) ^ 1 MeV, we estimate a cross section level 
of 0.03 mb for the one-step production process at the 8+ 
resonance energy. [Assuming J'^(8+) = (^) , the one- 
step production cross section is lower by at least another 
order of magnitude.] The one-step cross section afford- 
able by the neutron Fermi motion at piab = 488 MeV/c 
would be considerably smaller than this estimate which 
holds at the very vicinity of the 8"'' mass for piab = 440 
MeV/c. In contrast, the two-nucleon reaction need not 
involve the suppressed KNQ coupling and its cross sec- 
tion which we have estimated in Eq. H12|l for piab = 488 
MeV/c should vary slowly with the kaon energy. The 
simplest mechanism for a two-nucleon K'^ absorption 
process could be envisaged by letting an intermediate 
off-shell pion correlate two target nucleons, viz. 

K+ p^n+ e+ , n+ n^p , (18) 

or 

K+ n^ir" Q+ , p ^ p , (19) 

where the threshold for the K^N 7r8+ reaction occurs 
at piab ^ 760 MeV/c in free space, and getting as low as 
Piab 550 MeV/c in nuclear matter. This is a particular 
representation of the two-meson cloud contribution to the 
coupling of the 8^ pentaquark in nuclei Another 
process that does not depend directly on the suppressed 
KNQ coupling involves the unknown K*NQ coupling 
constant: 

K+ p-r K*+ p , K*+ n^p , (20) 

or 

K+n->K*°p, K*°p-^p, (21) 

with higher thresholds than for Eqs. l(T^ and (fll^ . Es- 
timates for the K'^p tt+S"*" reaction cross section sug- 
gest conservative values of order 0.1 mb |2^ which 
is of the scale needed to support a similar cross section 
level for K'^d Q^p. 



V. SUMMARY AND CONCLUSIONS 

There is a wide consensus that the impulse- 
approximation motivated tp optical potential cannot re- 
produce the density dependence suggested by the K~^ - 
nuclear cross section data for incident momenta in the 
range piab ~ 450 — 800 MeV/c. This was first realized 
by Siegel et al. [23| on the basis of old measurements of 
total cross sections and later on was reinforced [2^ [S^ 
using new transmission measurements data of total cross 
sections 7|. These investigations incorporated conven- 
tional medium effects such as off-shell dependence of the 
KN t matrix, Fermi averaging and the Pauli exclusion 
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principle. The revised values of total cross sections, as 
well as the new reaction cross sections Q which were sub- 
sequently extracted from these same transmission mea- 
surements, have led us together with Mares |^ 0] to 
look for density dependence mechanisms that could re- 
solve the striking discrepancy between experiment and 
theory. We have argued recently that the extra reac- 
tivity revealed by the K'^ - nucleus cross-section data 
is simply explained by adding a two-nucleon absorption 
channel K+nN Q+N that couples in the e+(1540) 
pentaquark in a way which does not involve the appar- 
ently suppressed KNQ^ coupling "^l. The plausibility of 
this working hypothesis has been demonstrated very re- 
cently in Ref. |J| by evaluating the unsuppressed meson- 
cloud KttNQ'^ coupling which gives rise naturally to this 
two-nucleon absorption channel, with the same order of 
magnitude of absorption cross section as worked out 
by us 0. We wish to emphasize that this explanation 
does not require the assumed 5' = pentaquark de- 
grees of freedom to be materialized as a narrow 0"'"(154O) 
KN resonance, it only assumes that pentaquark degrees 
of freedom are spread over this energy range with suffi- 
cient spectral strength. If this is not the case, then the 
problem of excess reactivity in i^T^-nuclear data remains 
unresolved, as demonstrated very recently by the new 
calculations of Ref. [23| (see in particular Figs. 9, 10, and 
12). 

In the present work, we have successfully reproduced 
the available K'^ - nucleus integral (total as well as reac- 
tion) cross-section data on the four nuclear targets used 
in the energy range specified above 0, , and also the 
elastic scattering angular distributions on ^Li and ^^C 
at piab = 715 MeV/c [H IH, by adding to the tp opti- 



cal potential a density-dependent term which simulates 
absorption channels. The analysis of these data is consis- 
tent with an upper limit of about 3.5 mb on the K'^ ab- 
sorption cross section per nucleon, for 0+ production on 
the denser nuclei of ^^C, ^^Si, '^''Ca, and indicates a sub- 
millibarn cross section for 0+ production on deuterium. 
For a meaningful measurement of this K'^d — > Q'^p two- 
body production reaction, an experimental accuracy of 
0.1 mb in cross section measurements is required. It 
should provide a competitive production reaction to the 
K^p TT+G"*" two-body production reaction which is 
being measured at KEK [lj|. For nuclear targets other 
than deuterium, given the magnitude of the if"*" nuclear 
absorption cross sections as derived in the present work, 
{K'^ ,p) experiments could prove useful. This reaction 
which has a 'magic momentum' about piab '^-^ 600 MeV/c, 
where the is produced at rest, is particularly suited 
to study bound or continuum states in hyponuclei l3ll|. 
It might prove more useful than the large momentum 
transfer (ii'+, 7r+) reaction proposed in this context [s^ . 
In conclusion, precise low-energy K'^d and K'^ - nuclear 
scattering and reaction data in the range piab ~ 300 — 800 
MeV/c, and particularly about 400 Mev/c, would be ex- 
tremely useful to decide whether or not = -1-1 pen- 
taquark degrees of freedom are involved in the dynamics 
of if + - nuclear systems 
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